Requirements to servo-boosted control elements for sailplanes by Gäb, Andreas et al.
Lehrstuhl für Flugdynamik
1 XXIX. OSTIV Congress Lüsse, 6-13 August 2008
Requirements to servo-boosted control 
elements for sailplanes
Aerospace Research Programme 2004
A. Gäb
J. Nowack
W. Alles
Chair of Flight Dynamics
RWTH Aachen University
Lehrstuhl für Flugdynamik
2 XXIX. OSTIV Congress Lüsse, 6-13 August 2008
Schedule
1. Analysis
of existing control systems
2. Selection
of systems suitable for servo-boosting
3. Flight tests for data acquisition
with a selected sailplane
4. Simulation of actuator failures
• Realisation of a 6 DoF simulation for the selected sailplane
• Simulation of failure scenarios for different servo systems
• Analysis of effects on airplane operation
5. Flight tests with servo-boosted airbrakes
with the selected airplane
6. Evaluation 
of analyses and results of simulations and measurements with regard 
to future airworthiness codes
Schedule
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1. Analysis of existing control systems
• Up to now only conventional control systems
• Actuators only in powered sailplanes
• Problems with conventional systems
– Higher performance and airspeed
 high hand forces for certain control elements
– Little space in the cockpit 
 adverse working conditions
(e.g. pilots need to cross arms to operate gear lever)
– Large wing spans, high aspect ratios
 Aeroelastic deformations
– Push rods (e.g. driving ailerons)
 Flutter tendencies grow with wing span
 Required space prohibits thin airfoils
 Friction in joints increases hand force
Analysis
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2. Selection of systems
• Airbrakes seem attractive
• Requirements due to airworthiness codes
• Further analysis by simulation of failure cases
• Data acquisition by
– Numeric Methods (Digital Datcom, Vortex-Lattice-Methods)
– Flight tests with an ASK 21 (RWTH)
– Former experiments (idaflieg, RWTH)
Retractable gear
()T.E. flaps
?Airbrake
?Elevator, aileron, rudder
Failure acceptable?
Selection
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3. Flight tests for data acquisition
Measuring equipment
Data acquisition
Amplification
Rudder deflection
Elevator deflection
Accelerations
Angular rates
Aileron deflection
Airbrake deflection
           Dynamic pressure
Static pressure
Air temperature GPS antenna
Data recording
GPS receiver
IMU
Angle of attack, angle of sideslip
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Test schedule
• Excitation of eigenmotions by
1-1-2-3 and doublet manoeuvres
• Lift and drag curves: pushover-
pullup, slow flight
• Control surface efficiencies 
(doublets, harmonic excitation) 
Data acquisition
Manoeuvres flown at different 
airspeeds to cover different AoA 
ranges
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Airbrake data
Completion of flight test data by results of flight and wind 
tunnel tests regarding Schempp-Hirth airbrakes (former 
research project)
Data acquisition
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4. Simulation of actuator failures
• Two different aircraft:
– ASK 21 with flight test and Digital Datcom data
– ASH 25 (6 T.E. flaps) with Digital Datcom and idaflieg data
• Analysis of airplane behaviour with „runaways“ of control surfaces
– Uncommanded actuator movement with maximum deflection speed 
until hard stop is reached
• Possible failures of  
– single control surfaces
– whole control systems (e.g. all ailerons at once)
• Occurrence during straight trimmed flight at 80, 130 and 250 km/h
• Reaction time of the pilot 1 sec.
Simulation
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Rudder Failure – ASK 21
• Compensation by aileron is possible, even opposite turns
• But high angles of sideslip and/or turning rates
 Safe landing not possible
Simulation
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Single aileron failure – ASK 21
• Compensation with opposite aileron is possible, but only indirect roll 
control via rudder 
 aircraft becomes unflyable
Simulation
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Single airbrake failure
• Compensation possible by opposite airbrake (easier) or by primary 
flight controls (better glide angle, shown)
Simulation
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5. Flight Tests with servo-boosted airbrakes
• Boosted System
– Hand force is kept below maximum level
(e.g. 20 daN as maximum allowable force in CS-22)
– Limitation of deflection speed
– Actuator drives control rod
 Symmetry
• Safety 
– Automatic disconnection at power loss
– Clutch sliding at overload 
– Simple manual disconnection by co-pilot
• Automatic control electronics
– Implementation on micro processor
– Integration into existing simulation by toolbox
– Automated code generation
Servo-boosted airbrake
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Block diagram
Servo-boosted airbrake
Pressure
sensors
Rate gyros
Accelerometer
Lever force
and position
Amplification Microprocessor
Control desk
Laptop
Engine Clutch Airbrakelever
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Airbrake manoeuvre
• Course:
– Acquire trim point
– Deploy airbrake
– Hold
– Retract airbrake
• Speed range
90-250 km/h
• High force levels for 
locking/unlocking
• Strong sucking force during 
deployment: pilot has to push 
against
Servo-boosted airbrake
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Results
• Deployment speed limitation possible even at airspeeds
– leads to reduced changes in load factors
– Effect is not as large as predicted by simulations, because 
unlocking still happens abruptly
– Reduction of hand forces at speeds above ca. 150 km/h
• More sophisticated control electronics desirable
– e.g. feedback from hand force to deployment speed
Servo-boosted airbrake
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6. Evaluation
Summary of failure scenarios
• Elevator failure, antisymmetric aileron failure
– No sufficient counter moment
– Immediately uncontrollable
• Rudder failure
– Stabilisation of the aircraft is possible
– High angle of sideslip or turn rates persist
• Single aileron failure
– Stabilisation possible
– ASK 21: no more direct roll control, only rudder
– ASH 25: remaining ailerons still allow roll control
• Single airbrake failure
– Compensation by primary flight controls possible
• Single T.E. flap failure
– Compensation by ailerons possible
Evaluation
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Categorisation of failures
Bewertung
MajorSingle control surface
MinorSystem symmetricAirbrake
MajorSingle control surface
MinorSystem symmetricT.E. flap
HazardousRudder
Major
Single control surface, 
several pairs of ailerons
Hazardous
Single control surface, only 
one pair of ailerons
CatastrophicSystem antisymmetricAileron
CatastrophicElevator
CategoryControl element
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Required failure probabilities
• No figures for sailplanes up to now
• Use FAA figures for Cat. I airplanes (< 2721 kg, single engine)
• Example calculation for MTBF = 5000 h:
Only systems whose failure is Minor may be simplex
(symmetric airbrakes or T.E. flaps)
Bewertung
< 10-6Cat
< 10-5Haz
< 10-4Maj
< 10-3Min
< 1NSE
pausf per hCat.
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Thank you!
